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(54) SURFACE ELEMENT 

(57)Abstract 

PURPOSE: To enable easy production and higher coupling efficiency 
between a light emitting element and photo-detection element. 
CONSTITUTION: On a substrate 1, a light emitting element 2, 
consisting of a semiconductor, which emits light in the direction 
vertical to the substrate surface is provided, and a convex lens 4 is 
mounted on the light emitting surface of the light emitting element 
2, and optical distance between the tip of convex lens 4 and the 
surface of the light emitting element 2 is made larger than the 
radius of curvature of convex lens 4. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shows the word which can not be 

translated. 

3.1n the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The two-dimensional 
component which it is the 
two-dimensional component which has 
the light emitting device which consists of 
a semi-conductor formed on the substrate, 
and outputs light perpendicularly to the 
substrate side concerned, and the 
luminescence side convex lens or concave 
mirror of said light emitting device is 
loaded, and is characterized by the 
optical distance of the tip of said convex 
lens or said concave mirror and the 
luminescence side of said light emitting 
device being larger than the radius of 
curvature of this convex lens or a concave 
mirror. 

[Claim 2] The two-dimensional 
component which is a two-dimensional 
component which has the photo detector 
which consists of a semi-coiiductor and 
inputs the light from a perpendicular 



direction to the substrate side concerned 
on a substrate, and is characterized by 
loading the light-receiving Men convex 
lens or concave mirror of said photo 
detector. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention 
relates light to the two-dimensional 
component which absorbs the light 
emission or from said perpendicularly to 
a substrate side among the light emitting 
device which consists of a semi-conductor, 
and a photo detector. 
[0002] 

[Description of the Prior Art] In recent 
years, the demand of large-capacityizing 
of the signal transmission between 
integrated circuit devices and in an 
integrated circuit device and 
improvement in the speed is strong with 
the advancement of an integrated circuit, 
and high integration. The approach of 
changing an electrical signal into light as 
one of the approach of the, and 
transmitting is proposed. For example, as 
it is in jar NARUOBU solid- state circuit 
(IEEE JOURNAL OF SOLID-STATE 
CIRCUITS) 1990 volume [ per year / 
25th ] No. 1 109 pages, there is a method 



of transmitting a signal to another 
integrated circuit device with light from 
an integrated circuit device. Although the 
signal outputted from the light emitting 
device on one integrated-circuit-device 
substrate is received by the photo 
detector on the integrated-circuit-device 
substrate of another side, when the 
distance between substrates separated, it 
had the fault that the rate which receives 
joint effectiveness, i.e., the lightwave 
signal from a light emitting device, by the 
photo detector was very small. 
[0003] In order to solve this, as it is in 
three photonics technology Letters (IEEE 
PHOTONICS TECHNOLOGY 
LETTERS) 1991 No. 8 761 pages per year, 
the method of inserting a lens between a 
light emitting device arid a photo detector, 
and raising joint effectiveness is proposed. 
[0004] 

[Problem(s) to be Solved by the 
Invention] However, by the conventional 
approach mentioned above, the relative 
position of three persons of a substrate 
with a light emitting device, a lens, and a 
substrate with a photo detector needed to 
be doubled, time and effort was taken, 
and the mechanical structure of holding 
the physical relationship had the fault of 
the need. 

[0005] The purpose of this invention is 
easy to manufacture and is to offer the 
two-dimensional component which can 
enlarge joint effectiveness between a 
light emitting device and a photo detector. 
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[0006] 

[Means for Solving the Problem] The 
two-dimensional component of this 
invention which attains said purpose is a 
two-dimensional component which has 
the light emitting device which consists of 
a semi-conductor formed on the substrate, 
and outputs light perpendicularly to the 
substrate side concerned, and the 
luminescence side convex lens or concave 
mirror of said light emitting device is 
loaded, and it is characterized by the 
optical distance of the tip of said convex 
lens or said concave mirror and the 
luminescence side of said light emitting 
device being larger than the radius of 
curvature of this convex lens or a concave 
mirror. 

[0007] Moreover, other two-dimensional 
components concerning this invention are 
two-dimensional components which have 
the photo detector which consists of a 
semi-conductor and inputs the light from 
a perpendicular direction to the substrate 
side concerned on a substrate, and are 
characterized by loading the 
light-receiving side convex lens or 
concave mirror of said photo detector. 
[0008] On the luminescence side of the 
two-dimensional light emitting device 
produced on the substrate, with a 
substrate, when emitting light to an 
opposite direction, this invention forms a 
concave mirror, respectively, when 
emitting light through a substrate in a 
convex lens again, and takes the larger 



optical distance of a convex lens, or the 
tip of a concave mirror and a 
luminescence side than the radius of 
curvature of a convex lens or a concave 
mirror. 

[0009] Moreover, on the light- receiving 
side of the two-dimensional photo 
detector created on the substrate, with a 
substrate, in receiving light from an 
opposite direction and receiving a convex 
lens through a substrate, it forms a 
concave mirror, respectively. 
[0010] 

[Function] In this invention, or it forms 
the luminescence side convex lens or 
concave mirror of a two-dimensional light 
emitting device, the joint effectiveness 
between a light emitting device and a 
photo detector can be raised by forming 
the light-receiving side convex lens or 
concave mirror of a two-dimensional 
photo detector. Moreover, since the lens 
or mirror installs the luminescence side 
top of a light emitting device, or a lens 
directly on the light-receiving side of a 
photo detector, the alignment can be 
performed in the process which produces 
a light emitting device or a photo detector, 
and the common usual photograph 
process, and can be realized easily. 
[0011] 

[Example] Hereafter, the example of this 
invention is explained to a detail with 
reference to a drawing. 
[0012] Drawing 1 is the typical sectional 
view of the two-dimensional component of 
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the 1st example of this invention. For a 
light emitting device and 3, as for a lens 
and 5, an electrode and 4 are [ 1 / a 
substrate and 2 / an interlayer and 6 ] 
integrated circuits. The light emitting 
device 2 is formed on the substrate 1. 
Although the integrated circuits (IC) 6, 
such as a drive circuit of a light emitting 
device 2 and a digital disposal circuit, are 
accumulated on the substrate 1, this may 
be prepared separately A current is 
supplied using the electrode taken out via 
a part of semi-conductor layer which 
forms the electrode 3, the substrate 1, or 
substrate 1 on a component, and this 
drives a light emitting device 2, and it 
emits light in the direction where a 
substrate 1 is opposite. A lens 4 is formed 
on a light emitting device 2. Rather than 
the radius of curvature given from the 
configuration, a lens 4 adjusts an 
interlayer's 5 thickness if needed, and it 
is formed so that the direction of the 
distance of the tip of a lens 4 and the 
luminescence side of a light emitting 
device 2 may become large. What is 
necessary is here, for the distance of the 
tip of a lens 4 and the luminescence side 
of a light emitting device 2 to be an 
optical distance, and just to convert it 
into the distance in the refractive index of 
the quality of the material which forms a 
lens 4, when there is an interlayer 5 of 
the refractive index of the quality of the 
material which forms a lens 4, and a 
different refractive index. 
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[0013] Drawing 2 shows the joint 
effectiveness at the time of installing a 
photo detector in a light emitting device 
and the location which counters using the 
light emitting device of drawing 1 </A>. 
The diameter of luminescence of a light 
emitting device shows the ratio of joint 
effectiveness in case there is nothing with 
the case where there is a lens at the time 
of changing the thickness (D -micrometer) 
of the lens section 4 and an inter layer's 5 
thickness (T-micrometer) using the lens 4 
and interlayer 4 which 40 micrometers 
and the diameter of light-receiving of a 
photo detector set distance of 50 
micrometers, lens 4 tip, and a photo 
detector to 100 micrometers, and a lens 4 
presupposes that they are them some 
balls, and they become from the same 
refractive index. It means that joint 
effectiveness decreases conversely here 
when the ratio of joint effectiveness uses 
a lens 4 less than one. Incidentally, the 
radius of curvature of a lens changes with 
the thickness of a lens 4, as for radius of 
curvature, by about 40 micrometers and 
D= 20 micrometers, radius of curvature 
becomes 20 micrometers at D= 10 
micrometers in thickness of a lens 4, and, 
in the distance which added an 
interlayer' s 5 thickness T, and thickness 
D of a lens 4, and the distance to which 
radius of curvature becomes equal, the 
rate of joint effectiveness has become 1 in 
drawing 2 . As shown in drawing 2 , to 
making the effectiveness using a lens 



discover, the distance of the tip of a lens 4 
and a light-emitting part needs to be 
larger than radius of curvature. For 
example, if there are 16 micrometers or 
more of thickness of a lens 4 when an 
interlayer's 5 thickness T is 10 
micrometers, joint effectiveness can be 
enlarged, and joint effectiveness can be 
enlarged if an interlayer's 5 thickness T 8 
micrometers or more has the thickness of 
a lens 4 in 40 micrometers. When there is , 
no interlayer 5 (T= 0 micrometer), the 
configuration near [ micrometers / 20 /, 
i.e., a semi-sphere, / or more ] a ball is 
required for the thickness of a lens 4. 
What is necessary is to be also able to use 
the matter of a different refractive index 
from a lens 4 as an interlayer 5, and just 
to consider the optical distance converted 
into the refractive index of the lens 
matter in that case. In addition, the 
radius of curvature of a concave mirror 
will be expressed with negative, and the 
optical distance of the tip of a concave 
mirror and a luminescence side will 
always be large irrespective of the 
configuration of a mirror. 
[0014] Drawing 3 is the typical sectional 
view of the two-dimensional component of 
the 2nd example of this invention. For a 
light emitting device and 13, as for a lens 
and 15, an electrode and 14 are [ 11 / a 
substrate and 12 / an interlayer and 16 ] 
integrated circuits. The light emitting 
device 12 is formed on the substrate 11. 
Although the integrated circuits (IC) 16, 



such as a drive circuit of a light emitting 
device and a digital disposal circuit, are 
accumulated on the substrate 11, this 
may be prepared separately, A current is 
supplied using the electrode taken out via 
a part of semi-conductor layer which 
forms the electrode 13, the substrate 11, 
or substrate 11 on a component, and this 
drives a light emitting device 12, and it 
emits light in the direction where a 
substrate is opposite. The lens 14 is 
formed on the light emitting device 12. 
Rather than the radius of curvature given 
from the configuration, the lens 14 is 
formed so that the direction of the 
distance of the tip of a lens 14 and the 
luminescence side of a light emitting 
device 12 may become large using an 
interlayer 15 if needed. The interlayer 15 
of this example is formed over the range 
larger than a light emitting device 12. 
For this reason, a lens 14 is producible 
over the range larger than the 
luminescence side of a light emitting 
device 12. In addition, in this example, 
although the interlayer 15 is shown only 
in the periphery of a light emitting device 
12 like illustration, you may prepare all 
over a substrate 11 top as occasion 
demands. 

[0015] Drawing 4 is the typical sectional 
view of the two-dimensional component of 
the 3rd example of this invention. For a 
substrate and 22, as for an electrode and 
27, a light emitting device and 23 are [ 21 
/ the quality of support and 28 ] mirrors. 
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The light emitting device 22 is formed on 
the substrate 21. Although integrated 
circuits (IC), such as a drive circuit of a 
light emitting device 22 and a digital 
disposal circuit, are accumulated on the 
substrate 21, this may be prepared 
separately. A current is supplied using 
the electrode taken out via a part of 
semi conductor layer which forms the 
electrode 23, the substrate 21, or 
substrate 21 on a component, and this 
drives a light emitting device 22, and it 
emits light in the direction of a substrate 
21. On a light emitting device 22, the 
quality 27 of support of a lens 
configuration is formed, and the mirror 
28 is attached by means, such as vacuum 
evaporationo and a spatter, on it. Rather 
than the radius of curvature given from 
the configuration, the quality 27 of 
support of a lens configuration is formed 
so that the direction of distance with the 
tip of the quality 27 of support, i.e., the 
tip of a mirror 28, and the luminescence 
side of a light emitting device 22 may 
become large. In addition, what is 
necessary is just to perform adjustment 
of this distance by using an interlayer if 
needed. A part is outputted to the quality 
27 side of support among the light 
emitted from the light emitting device 22. 
This light is reflected in a substrate 21 
side by the mirror 28. At this time, a 
mirror 28 can carry out the same work as 
the lens in drawing 1 , and can gather 
joint effectiveness with the photo detector 
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put on the location where a substrate side 
counters. 

[0016] Drawing 5 is the typical sectional 
view of the two-dimensional component of 
the 4th example of this invention. For a 
substrate and 33, as for a lens and 35, an 
electrode and 34 are [ 31 / an inter layer 
and 39 ] photo detectors. The photo 
detector 39 is formed on the substrate 31. 
Although integrated circuits 0C), such as 
an amplifying circuit of a photo detector 
and a digital disposal circuit, are 
accumulated on the substrate 31, this 
may be prepared separately. A photo 
detector 39 changes into an electrical 
signal the lightwave signal which carried 
out incidence to the substrate 31 from the 
opposite direction, and this signal is 
taken out as an electrical signal between 
the electrodes taken out via a part of 
semi-conductor layer which forms 
between the electrodes 33 on a 
component or an electrode 33, a substrate 
31, or a substrate 31. A lens 34 is formed 
on a photo detector 39. Although an 
interlayer 35 is convenient when the 
thicker one increases joint effectiveness, 
there is no limitation like [ in the case of 
the light emitting device mentioned 
above ]. Moreover, especially this is not 
limited, either, although it is convenient 
when the one where the thickness and 
the diameter of a lens 34 are also larger 
increases joint effectiveness. 
[0017] In addition, what is necessary is 
just to load a concave mirror on the 



light-receiving side of a photo detector, in 
receiving the light from a substrate side 
by this invention. In this case, incidence 
of the light which penetrated the photo 
detector can be again carried out to a 
photo detector, and joint effectiveness can 
be improved similarly. 
[0018] In this invention, glass, a crystal, 
polymeric materials, etc. can be used as 
the quality of the material of a lens and 
an interlayer. Especially polymeric 
materials can use means, such as 
spreading, and are the the best for this 
configuration. In order to produce this 
structure, when using a thermoplastic 
macromolecule as a lens, using the mark 
used for producing a light emitting device 
or a photo detector, and a common mark, 
a cylindrical shape can be used, reactive 
ion etching etc. can be produced on a light 
emitting device or a photo detector, 
correctly and easily, and it can be made a 
lens configuration by heating this more 
than a glass transformation point. 
Moreover, it forms on a light emitting 
device or a photo detector correctly at a 
round shape etc. using the mark which 
used the resist for producing a light 
emitting device or a photo detector after 
depositing the layer for considering as a 
lens with the middle class, when glass, a 
crystal, a thermosetting giant molecule, 
etc. are used, and a common mark, and 
this can be heated, it can consider as the 
shape of a lens, and a lens configuration 
can be produced by carrying out [ delete / 
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by reactive ion etching ]. Moreover, not 
only a convex lens but a lens 
configuration can be considered as full 
NERURENZU. In this case, a pattern can 
be written correctly and easily using the 
mark used for producing a light emitting 
device or a photo detector in a lens layer, 
and a common mark, and it can produce 
using reactive ion etching etc. 
[0019] (Example l) The buffer layer 
which becomes some Si substrates which 
have a drive circuit from a GaAs layer, 
the distorted superlattice layer which 
consists of an InGaAs layer / an InP layer, 
and an InP layer was formed, the 
laminating of the n mold InP, an 
InGaAsP layer, an InGaAsP/InGaAs 
multiplex quantum well layer, an 
InGaAsP layer, a p-InP layer, and the 
p-InGaAs layer was carried out on this 
buffer layer, and the two-dimensional 
light emitting device with a diameter of 
40 micrometers was produced. 30 
micrometers of fluoride 

polymethylmethacrylates were applied 
on this light emitting device, and then 15 
micrometers of deuteration 

polymethylmethacrylates were applied. 
Besides the resist was applied, the same 
pattern as a light emitting device was 
formed on the component with the photo 
mask based on the mark used for 
producing a light emitting device, and the 
cylindrical shape was produced by 
reactive ion etching using oxygen. This 
was heated at about 250 degrees C after 



resist removal, and the tip of a 
macromolecule was made into the shape 
of a lens. The radius of curvature of the 
produced lens was about 20 micrometers. 
[0020] Thus, when the produced 
two-dimensional component and the 
photo detector produced on other 
substrates were combined, compared 
with the case where a lens is not 
produced, one about 1.5 times the joint 
effectiveness of this was obtained. 
[0021] (Example 2) The laminating of an 
n mold GaAs layer, an AlGaAs layer, an 
AlGaAs quantum well layer, an AlGaAs 
layer, a p -AlGaAs layer, and the p-GaAs 
layer was carried out to some GaAs 
substrates which have an integrated 
circuit, and the two-dimensional light 
emitting device with a diameter of 30 
micrometers was produced. 50 
micrometers of poly benzyl methacrylate 
were applied on this light emitting device. 
Besides the resist was applied, the 
Fresnel lens pattern was exposed on the 
light emitting device by electron beam 
lithography based' on the mark used for 
producing a light emitting device, and the 
lens was produced by reactive ion etching 
using oxygen. The radius of curvature of 
the produced lens was about 15 
micrometers. 

[0022] Thus, when the formed 
two-dimensional component and the 
photo detector produced on other 
substrates were combined, compared 
with the case where a lens is not 
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produced, one about 1.8 times the joint 
effectiveness of this was obtained. 
[0023] (Example 3) The laminating of an 
n mold InP layer, an InGaAsP layer, an 
InGaAsP/InGaAs multiplex quantum 
well layer, an InGaAsP layer, a plnP 
layer, and the p -InGaAs layer was carried 
out to the InP substrate, and the 
two-dimensional light emitting device 
with a diameter of 50 micrometers was 
produced. 50 micrometers of polyimide 
fluoride film were applied on this light 
emitting device. Besides the resist was 
applied, the 60-micrometer round shape 
was formed on the light emitting device 
with the photo mask based on the mark 
used for producing a light emitting device, 
this was heated at about 300 degrees C, 
and the tip of a resist was made into the 
shape of a lens. Next, the resist 
configuration was ^imprinted on the 
polyimide film by reactive ion etching 
using oxygen. On this configuration, 
aluminum was vapor-deposited and it 
considered as the mirror. The radius of 
curvature of the produced mirror is 
[ about ]. -It was 150 micrometers. 
[0024] Thus, when the formed 
two-dimensional component was 
combined with the photo detector which 
let the substrate pass and was produced 
on other substrates, compared with the 
case where a lens is not produced, one 
about 1.2 times the joint effectiveness of 
this was obtained. 

[0025] (Example 4) The buffer layer 



which becomes some Si substrates which 
have an amplifying circuit from a GaAs 
layer, the distorted superlattice layer 
which consists of an InGaAs layer / an 
InP layer, and an InP layer was formed, 
the laminating of an InAlAs layer, an 
InGaAs absorption layer, an 
InAlAs/InGaAs superlattice well layer, 
and the InAlAs layer was carried out on 
this buffer layer, the tandem -type 
electrode was further attached on this, 
and the two-dimensional photo detector 
of 50-micrometer angle of metal 
semiconductor metal structure was 
produced. 40 micrometers of fluoride 
polymethylmethacrylates were applied 
on this photo detector, and then 10 
micrometers of deuteration 

polymethylmethacrylates were applied. 
Besides the resist was applied, the 
circular pattern with a diameter of 100 
micrometers was formed with the photo 
mask based on the mark used for 
producing a photo detector, etching was 
performed for 5 minutes by reactive ion 
etching using oxygen, and heights were 
formed. This was heated at about 250 
degrees C after resist removal, and 
heights were made into the shape of a 
lens. The radius of curvature of the 
produced lens was about 300 micrometers. 
[0026] Thus, when the formed 
two-dimensional component and the light 
emitting device produced on other 
substrates were combined, compared 
with the case where a lens is not 



9 



JP7- 153979 



produced, one about 1.15 times the joint 
effectiveness of this was obtained. 
[0027] . 

[Effect of the Invention] If the 
two-dimensional component of this 
invention is used as explained above, the 
time and effort which can combine 
efficiently between the light emitting 
devices or photo detectors which were 
prepared in other substrates or a 
substrate rear face, and the alignment 
takes is sharply omissible. Moreover, the 
maintenance device of a lens is also 
unnecessary and such structure is useful 
especially as a component used between 
chips and for the optical interconnection 
in a chip etc. 



[Drawing 41 It is the typical sectional 
view of the two-dimensional component of 
the 3rd example of this invention. 
[Drawing 5l It is the typical sectional 
view of the two-dimensional component of 
the 4th example of this invention. 
[Description of Notations] 

1, 11, 21, 31 Substrate 

2, 12, 22 Light emitting device 

3, 13, 23, 33 Electrode 

4, 14, 24, 34 Lens 

5, 15, 25, 35 Interlayer 

6, 16, 26 Integrated circuit 

27 Quality of Support 

28 Mirror 

39 Photo Detector 



[Translation done.] 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll It is the typical sectional 
view of the two-dimensional component of 
the 1st example of this invention. 
[Drawing 21 It is drawing showing the 
joint effectiveness at the time of 
installing a photo detector in a light 
emitting device and the location which 
counters using the light emitting device 
of drawing 1 . 

[Drawing 31 It is the typical sectional 
view of the two-dimensional component of 
the 2nd example of this invention. 
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^cD^fctiu^X^HcDJBW^fcJjWUfc^ 
[0014] 03 tt#380§£>» 2 coHS£0iJ(^EM*^^ 

«*ft»fffiBI^*>5o l l I2li«**^ l 

3 nwm, Hfi uyx, i s bus* i 6 ttfmtm 

8ST?fc5 0 *Kl l±t-^*^Fl 2&1&&£tbX\t y > 

ft4ro*BHai6 (ic) 1 6*Mfc«£;hrC^5^ m 
tSl 3t«.Sl l*fctt:*Rl 1 ^JfrtZy^foM 

jjfa\cyt*wt$tirz> 0 $&ytm+i 2±M^yxi 4«s 

yXi 4©3fe«i:383t*^-i 2 ©»3lfcffi i oSgSt^d 5 
5 tt5S^t*^ 1 2 J: 9 tJ£v^Hf-t>fcoT^$ixT 



4 

^5 0 :©fc»uyXi 4tt«Jt»^l 2 9 

[0 0 15] 0 4tt*«IBO^3O|ll6^JOffiM* J F-^ 

3ttlEffi. 2 7 2 8li;7-X^c 

10 tt^**^ 2 2 <&»tt0fc^*te«EB* if (OftttHI 
K (I C) /^^tbTV^J^ "rtbttBU^KJtTfcfi: 
l\ «3t*T-2 2tt5d^±^mffi2 3 tS«2 1 

i«2 1 ^M-rs^*^so-gB&jaabT^9W$ 

it£t><DT% S«2 1 ©#flfc#«r»*i-« 0 

2 2ll:(j:i/yXit^fef 2 7d5»j**ix, 

tt^ivcv^o i^yX»jR©iftfclt2 7tt, ^oTNfc 
^b^^fctb5ft^@J:9 t>, 2 7 <D3fciS. 

20 -T*fc>*>^9-2 8<D5fc«£:3g3fc§ifT-2 2 03S3teffit^> 

<0iBli<0SBSEtt&3^& CX ^ MS «r/H v ^ 5 r. t J: 9 
fiitfiv^c «3t*^2 2^feJMtSixfc*;Ort-»*4 
X«KhK2 7«fcfib^S*L5c :^^7-2 8l:i 

9ffi£2 lffl!ltcS#t$tb5o I(0^#^7-2 8ttEll 

[0016] El 5 [j*iiOl4 OHlfe^[|(D®M^T-^ 
30 «3iW»rffiE|-e*>5o 3 rttSK, 3 3 lifg, 3 4(4 
U^X N 3 5 tttWi, 3 9fiS*lK^5o S«3 
l±K$5t*^3 9&mtft£tlX\t^ S«3 l±^tt 

S3t*^<^*ffiiHi^fs^aiaK*^o*aiHiK (i 

c) &&ffi£1nx\<^%&, rixttSiJ^K^feJx-cv^Tt 
S**-^3 9iiSS3 l tR^rRj^bAStLfc 

com@3 3<orat>U< fim®3 3 i:SS3 1 £/U4»£ 

3 1 Sr^-ra^aiflcJi^— SBSrfe* UTSi9 mztitc 
mMkomx^iS-^k UT5i9l±J$tv5o S^t*^3 

40 .9±{cfiuyX3 4^M$^o ^13 5ttff^*r 

[0 0 17] **Mt?X«ffl0d^<O3tSra3t-t-S 

so [0 0 18] *^^(C*5V^-C, U^X*5j:U5^Iffl«0*f 
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5 

»-$-<& £ iici 9 i^vX^^-t-^itiStf^So 4 

-efeSo rco^-icfi, u>-xaicfg^^-tb<i4S 

[0019] (HJfe09 1 ) iES>lE]Sg£W1-3 S i 
— gBt-GaAsS, InGaAsl/InPliDfeS 

U ^©^s'77litnll nP, InGaAsP 
I, InGaAsP/InGaAslliWFI, I 
nGaAsPg, p-InPl, fc'ilFp-I nGaA 
sSSr^SL Til:*! 4 0 /*m©ffiS©«3te* ; f-Sr'f^tltL 

fc 0 c <o&ytm*±L\z. y y\v# v * f-ms* u—h 

5r 3 0 u mlf l> tfcKSzkSUfcsK y ;>< * D u 

— b& 1 5 n mMlti Lfc 0 r©±(CUi>^. hSr^frU 

iffiSrl/VX^t Lfc» f£SLfc^vX©l&^¥S«jii&2 
0 fi m"Cfcofc 0 

[0 0 2 0] r©J:5^»S*i/A:ffiffl*-^t» ttXK 

fllL/il^lIlt^tll 1 . 5 fflf ©«-d-Sb*Sr»fe. 

[00 2 1] 2 ) fttlsIlg^WtS G a A s I 

SC-StnlGaAsI^ AlGaAsl, A 1 G a 
A si^Fi, A 1 G a A sf, p— AlGaAs 
Jf, *5<tt;p-GaAsgSr»iU-Cl^3 0(tiri©I 
a>©3S3te*^&flaKLfc. ^©Igftli^-lifCTtfy 

flfttU «*Srfflv^SlS?tt'f*>'^j/^>'^-e^>'X 
£f£Sl Lfdo fE®£ Lfc u-vX©ife^Sf±#\> 15m mt? 



[0022] icj^fife^HfcffiM^T-i, teStt 

fNK L^^^-a-t-tb^T^ 1 . 8 ffiF^ilfr&Sb^SrWfc. 

[0 0 2 3] (HJ6M3) InPlSlI, nS I n P 
1, UGaAsPl, InGaAs P/I nGaAs 
#fi*T-#FS. InGaAsPl, p— InPg, Jb* 
itFp- I n G a A s M&fMM L-XjSM.5 0 /im©II 

io 5 5 0 (i ml* lfc 0 Z<D-kfcu*?x h&&f6 . 

^3 0 OtKlAnffcU l^v 5 * h©3feffiSrU-^X^i; L 
N^Sr^y-T? KltfilLk. Z.(DW^(D±.\z.Tjv 
(4**1— 1 5 0 n mX'hotCo 

[0024] z<D£o\zMf$.vrz.mmm*&mm&mis 

20 UVX^SSlL^V^-g-JClJt^-C^l. 2 {£©££-£$1* 

[0025] mmm4) jfisiHisssrw-rss ig«© 

-SCG'aAsi, I nGaAsJf/I nPJl «fc*>&3 

;©^77rl±l-InAlAsl > InGaAs 
m.Um. InAlAs/InGaAsS^FI, * 
iyinAlAsI?;iiU * 6>»crW±^«5S«S 
SrWtt • ir 5 a * ■ ^ <?/H83i<D 50/ 

30 y-ftjj? y ^ ^-/V^ i?^yu— KSr40^ m^fij U 
fiztefUfcjK y * fvv^ ^^yi/— hSrl0/i mi* u 

fflVfc.^— ^5rt h-^^^-ejESl 0 0 nm<D 

5 L ^^T*5^W^•y < 5 : •>'^?r^T^^ag|55r?f^U^ 0 Uv 5 
^. h^*^, ;M»2 5 O'CfCiPHfl.L, iMBiSrWX 
^i: Lfc 0 f^iS Lfc U>-X(Dft*^{4^ 300,! mT' 

[00 2 6] r©45tc^Lfcffi§«* : f-i, fomm-t 
[0 0 2 7] 

»4S3t* ; f-i:OM-?Sft*J:<ilS-a'i-Sr. £>o 
-5-©fi:S#*?*ic5i-5^l53Sr^:*@t- i tll&-t--5 - i: * S "C 
#5. *fc^X©«»i&»fc^T?*>0, r©J:54 

' mzm^sm+b L.xm~^mxhz><, 

so [EIS©1Bi^IftK] 
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